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ARTICLE INFO ABSTRACT

Keywords: TP53 is the most frequently mutated gene in muscle invasive bladder cancer (MIBC) and there are two gene
MIBC signatures regarding TP53 developed for MIBC prognosis. However, they are limited to immune genes only and
TP53 unable to be used individually across platforms due to their quantitative manners. We used 827 gene expression
;fég:zsis signature profiles from seven MIBC cohorts with varied platforms to build a pairwise TP53-derived transcriptome signa-
Cross-platform ture, 13 gene pairs (13-GPs). Since the 13-GPs model is a single sample prognostic predictor, it can be applied
individually in practice and is applicable to any gene-expression platforms without specific normalization re-
quirements. Survival difference between high-risk and low-risk patients stratified by the 13-GPs test was sta-
tistically significant (HR range: 2.26-2.76, all P < .0001). Discovery and validation sets showed that the 13-GPs
was an independent prognostic factor after adjusting other clinical features (HR range: 2.21-2.82, all P < .05).
Moreover, it was a potential supplement to the consensus molecular classification of MIBC to further stratify the
LumP subtype (patients with better prognoses). High- and low-risk patients by the 13-GPs model presented
distinct immune microenvironment and DDR mutation rates, suggesting that it might have the potential for
immunotherapy. Being a general approach to other cancer types, this study demonstrated how we integrated

gene variants with pairwise gene panels to build a single sample prognostic test in translational oncology.

Introduction

Bladder cancer is the 10th most common cancer globally, with
approximately 573,000 new cases reported in 2020 [1]. Approximately
25% of bladder cancer cases present with muscle-invasive [2,3]. Addi-
tionally, up to 50% or more patients with high-risk non-muscle invasive
bladder cancer (NMIBC) can progress to MIBC [2,4]. MIBC is a malig-
nancy of high mortality and heterogeneity that needs frequent and
long-term surveillance [5-7]. Management of MIBC is still complex and
depends on empiricism, so that patients are not routinely stratified and
rational therapeutics are exceedingly limited. Consequently, there is a
need to identify biomarkers that can aid in stratifying the prognosis of
MIBC and thus help assign patients to appropriate treatment
approaches.

TP53 is a tumor suppressor gene located on the short arm of chro-
mosome 17 (17pl13.1) and plays a significant role in maintaining
genomic stability in response to DNA damage by activating DNA repair

* Corresponding authors.

programs and triggering cell-cycle arrest. TP53 mutations occur in a
high percentage of MIBC. The protein product of TP53, p53, was re-
ported to be associated with tumor aggressiveness and correlated with
poor oncological outcome. Hodgson et al. observed that there is a sig-
nificant correlation between the contemporary p53 scoring scheme and
TP53 mutations (P < .0001) [8]. Esrig et al. showed that overexpression
of p53 in the nuclei of tumor cells can provide prognostic information in
patients with MIBC [9]. Wang et al. suggested that altered expression of
p53 is associated with worse outcome in MIBC [10]. However, MIBC is
highly heterogeneous, it is unlikely only use one single p53 marker to
adequately predict the prognosis of MIBC. Gene expression, as a bridge
between DNA level and protein level, can be applied to identify prog-
nosis molecular markers. Thus, the aim of the present study was to
combine TP53 mutation and gene expression to identify a panel of
cross-platform molecular markers for MIBC individualized prognosis
stratification.
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Table 1
Demographic and clinical characteristics for MIBC patients in different cohorts.
Characteristics” TCGA-BLCA E-MTAB-1803 GSE31684 GSE48075 GSE48276 GSE13507 GSE32894
Number of patients 408 85 78 73 64 62 51
Median survival time” 33.1 26.0 58.3 37.2 47.5 26.4 NA
(month) (95% CI) (26.9 - 54.9) (19.0 - 60.0) (17.0 - NA) (18.7 - 82.4) (32.1 - NA) (15.1 - NA) (24.2 - NA)
Number of Death (%) 182 (44.6) 43 (50.1) 36 (46.2) 45 (61.6) 34 (53.1) 29 (46.8) 23 (45.1)
Age (Years)” 68.1 +£10.6 68.0 £ 11.1 69.0 + 10.4 68.8 +£10.2 66.0 + 10.3 67.0 £ 9.9 66.0 £ 7.6
Gender
Female 107 15 21 19d 11 14 13
Male 300 70 57 54d 53 48 38
Grade
Poorly differentiated 386 80 78 - - 43 48
Low/moderately 21 5 0 - - 19 3
T-stage®
TO 1 0 0 0 0 0 0
Ta - 0 0 0 0 1 0
T1 3 0 0 0 0 0 0
T2 118 31 17 42 13 31 43
T3 194 35 42 23 41 19 7
T4 58 19 19 8 10 11 1
Histology type (%)
urothelial 408 71 73 - 45 - -
micropapillary 0 0 0 - 5 - -
sarcomatoid differentiated 0 0 0 - 1 - -
squamous differentiated 0 14 5 - 11 - 7
focal glandular 0 0 0 - -

(S

c
d

Age is represented as mean + standard deviation;

Sum of frequency numbers may not equal to the total sample size due to missing or unpredictable values;
Median survival time is incalculable because the mortality at the last follow-up time is less than 50%;

Gender of individual patients from cohort of GSE48075 is not offered in the original study;

¢ T stage is given by three forms, respectively, pathological stage, clinical stage and the stage which is not clearly annotated to pathological stage or clinical stage;
some patients’ T stage in TCGA are not given; The T stage from cohorts of TCGA-BLCA, GSE31684, GSE48276 is given by pathological stage; The T stage from cohorts of
GSE48075 is given by clinical stage; The T stage from cohorts of E-MTAB-1803, GSE13507, GSE32894, GSE32548 is not clearly annotated to pathological stage or
clinical stage; { There are three patients have replicates, each has three replicates, the number of patients: 414 — 3*2 =408,

Table 2
TP53 mutation frequency of MIBC in different studies.
MSK % ucC HMS MSKt TCGA
Cohort Size 109* 81* 19* 70* 247 411~
TP53 Mutated 62 33 12 48 10 201
Cases
TP53 56.88%  40.70%  63.20%  68.57%  41.67%  48.91%
mutation
Frequency
Ranking of Top 1 Top 1 Top 1 Top 1 Top 1 Top 1
TP53
mutation

MSK: Memorial Sloan Kettering Cancer Center; UC: University of Chicago; HMS:
Harvard Medical School; MSK % from [16]; UC from [17]; HMS from [17]; MSK7
from [18];

* : primary MIBC tumors;

# . secondary MIBC tumors.

Table 3

Full list of 13-GPs and their coefficients.
Gene Pair [ &h 8k Coefficients
CCDC77 :: PRUNE CCDC77 PRUNE 0.53575536
CD93 :: RABSB CD93 RABSB 0.25894147
CDCA7L :: ZNF438 CDCA7L ZNF438 0.402737482
CNOT6L :: CHD2 CNOT6L CHD2 -0.268952127
COMP :: GBP4 COMP GBP4 0.501401855
FZD3 :: HTR7 FZD3 HTR7 -0.390612041
GALNT6 :: GZMA GALNT6 GZMA 0.248173025
GNPDAI :: DCBLD2 GNPDA1 DCBLD2 -0.613594279
HIGD1A :: COL4A1 HIGD1A COL4A1 -0.366063873
KIF23 :: NKG7 KIF23 NKG7 0.264417406
NOL10 :: CXCL13 NOL10 CXCL13 0.479854408
TK1 :: HIFX TK1 HIFX 0.345474148
TOB1 :: EPS8 TOB1 EPS8 -0.857455054

Patients and methods
MIBC datasets collecting and processing

We collected seven public MIBC gene expression cohorts from
different platforms (Table 1, Supplemental Table 1): six microarray
cohorts with one from Illumina human-6 v2.0, one from Illumina
HumanHT-12 WG-DASL V4.0, two from Affymetrix Human Genome
U133 Plus 2.0, and two from Illumina HumanHT-12 V3.0; one RNA-Seq
cohort from Illumina HiSeq. Overall survival (OS) was defined as the
duration from the date of diagnosis to the date of death from any cause
or last follow-up. Only patients with available overall follow-up time, OS
status and gene expression data were included. For raw counts of high-
throughput sequencing data retrieved from TCGA, Ensembl IDs were
transformed to gene symbols and the transcripts per kilobase million
(TPM) values were computed. For the microarray data, the probe IDs
were annotated to gene symbols according to corresponding platform’s
annotation file. For multiple probes that mapped to one gene, the mean
value of expression was considered.

Identification and development of 13-GPs

We used edge R [11] with false discovery rate (FDR) < .05 to select
potentially differentially expressed genes (DEGs) between 110 TP53
mutation (TP53MUT) and 304 TP53 wild type (TP53WT) samples upon
the TCGA’s MIBC cohort. We then built qualitative gene pairs given m
(=3775) DEGs G = {gj}].";1 and n (=563) samples D = {s;}1 ; on the basis
of a discovery set (TCGA, E-MTAB-1803, GSE31684). Let E = (ej) €
R™™ be an expression matrix and e; represents an expression value for a
gene g on a sample s;. For any gene pairs | = (g, &), 8 # & € G, we
defined x; = 1 if ey, > ey and x; = O otherwise as binary representations
on a sample s;. A qualitative gene pair | with 0 < Y % ;x5 <n was
remained and related to OS for its prognostic assessment by the



H.-P. Liu et al.

A

Translational Oncology 29 (2023) 101629

Discovery Set Validation Set 1 Validation Set 2 Validation Set 3
2.82 *** 221~ 2.34 *** 2.24 ***
13-GPs - B - L =

Dependent Variables

1.02 ** 1.05 ** 1.03 ** 1.05 *** -@- Validation Set 3

Age~ T T T - -®- Validation Set 2
-@- Validation Set 1
-@- Discovery Set
1.96 *** 2.16 *** 2.03 *** 1.67 ***
Tstage - | | L = |

p-level
O ns.

1.29 1.64 1.59 o -

Gender - o - Lol

A =
"

1.16 0.72

Grade - ——
01 051 510 5001 051 510 5001 051 510 5001 051 510 50
Estimates

1.0
1.0

Discovery Set

0.8
0.8

Sensitivity
0.6
Sensitivity
0.6

04
04

0.2
0.2

—— 1-year AUC: 0.64
—— 3-year AUC: 0.67

~—— 5-year AUC: 0.65
T T T T T T
0.4 06

0.0
0.0

1-Specificity

AUC()
AUC()

05
0.

time t

Validation Set

© | — 1yearAuc: 0.62

— 3-year AUC: 0.65
—— 5-year AUC: 0.67

T T T T T T
0.4 0.6

1-Specificity
T T T T T
20 30 40 50 60

time t

Fig. 1. Prognostic value of 13-GPs. (A) Forest plot showing the HR in multivariate Cox proportional hazards regression. Significant p-values are indicated by symbols
*: P < .05; **: P < .01; ***: P < .001. (B) Time-dependent ROC curve analysis at 1-, 3-, and 5-year survival for discovery and validation set.

univariate Cox proportional-hazards model upon the discovery set D.
Prognostic gene pairs having P values less than 0.05 and HR greater than
1.2 or less than 1/1.2 were applied to the multivariate Cox
proportional-hazards model with the adaptive least absolute shrinkage
and selection operator (adaLASSO) using the “glmnet” R package. Upon
the discovery set D, ten-fold cross-validation was conducted to tune a
penalty parameter 1 and those gene pairs having non-zero coefficients
were further examined by the multivariate Cox proportional-hazards
model with stepwise selection. Finally, 13 gene pairs and their co-
efficients were obtained. Given an expression vector e’ € R* of a
sample s, we built a 13-GPs prognostic model to estimate its risk score y
by y= Elljlalxl where g; and x; are a coefficient and a binary repre-
sentation of a gene pair [, respectively. A cutoff point using a median of
the discovery set D was chosen to classify MIBC patients into two cate-
gories: low risk (y < — 0.72) and high risk (y > — 0.72).

Bioinformatics analysis

A Kaplan-Meier curve was created for survival analyses using a log-
rank test to identify differences in patient survival rates. The OS HR and
95% confidence intervals (CIs) were calculated by Cox regression. Time-
dependent ROC curve (timeROC) and Area under timeROC curve (AUC)
were generated with R package “timeROC” [12]. CIBERSORT [13] was
employed to quantify the immune cell distributions in groups of
high-risk and low-risk. The mutation landscape was analyzed by the R
package “maftools” following the initial removal of 100 FLAGS genes
[13]. DDR genes were acquired from [14]. We used R package “con-
sensusMIBC” to predict individual consensus molecular subtypes for
MIBC, including basal/squamous (Ba/Sq), luminal papillary (LumP),
luminal unstable (LumU), luminal non-specified (LumNS),
neuroendocrine-like (NE-like), and stroma-rich subtypes [15].
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Fig. 2. OS prognostic analysis in MIBC. (A) Kaplan-Meier survival of the 13-GPs for the discovery set. (B) Kaplan-Meier survival of the 13-GPs for the validation set.
(C) Kaplan-Meier survival of the 13-GPs for TCGA cohort. (D) Kaplan-Meier survival of the 13-GPs for TP53WT subgroup in TCGA cohort. (E) Kaplan-Meier survival
of the 13-GPs for TP53MUT subgroup in TCGA cohort. (F) Kaplan-Meier OS of TP53 mutation status.

Results
High TP53 mutation frequency in MIBC

We reviewed TP53 mutation frequency from five published MIBC
cohorts, respectively, MSK% [16], UC [17], HMS [17], MSK7 [18] and
TCGA (Table 2). Table 2 shows that no matter the cohort size is small or
large, TP53 is the most commonly mutated gene in all of the five pub-
lished MIBC cohorts, presenting in 40% - 68% of patients. Among the
five cohorts, the size of the TCGA cohort was the largest, and the in-
formation of MIBC genome was detailed, we thus further analyzed MIBC
genome characteristics in TCGA cohort. DNA mutations of 394 MIBC
patients in TCGA database, which are from MC3 were analyzed by
maftools package [19] in this study. On gene-level analysis, the top 10
mutated genes included TP53, KMT2D, KDM6A, ARID1A, PIK3CA,
KMT2C, RB1, RYR2, EP300 and FAT4. In detail, mutations in the TP53
were the most commonly acquired mutations (49%). And the rest of
genes mutation frequency sharply decreased under 30% (Supplemen-
tary Fig. 1A). Given the possibility that co-occurring or exclusively
mutation might contribute together to tumor formation and progression,
we next explored the somatic interactions between TP53 and the
remaining top 24 high frequency mutation genes in MIBC (Supple-
mentary Fig. 1B). The results demonstrated that TP53 was mutually
exclusive with FGFR3 (P < .01) but co-occurred with KMT2A (P < .05),
BIRC6 (P < .01), FAT4 (P < .01), and RB1 (P < .01). FGFR3 is one of the
most commonly mutated genes in MIBC and its mutants are significantly
correlated with lower-grade bladder cancer with favorable prognosis
[20], while RBI mutations which frequently co-occur with TP53 muta-
tions have adverse prognostic significance in advanced bladder cancer
[21]. High TP53 mutation frequency and the above somatic interaction
analysis suggested that TP53 mutation might be a possible prognostic
factor in MIBC.

A pairwise TP53-derived gene panel predicts prognosis in patients with
MIBC

The 13-GPs prognostic model included 4 immune genes (GZMA,
CXCL13, COMP, NKG7) and 22 non-immune genes. The full list of 13
gene pairs, | = (gn, &), and their coefficients were summarized in
Table 3. Univariate and multivariate Cox regression analyses showed
that the 13-GPs was an independent prognosis factor for patients with
MIBC (Fig. 1A, supplementary Table 2, supplementary Table 3). AUC
values estimated by time-dependent ROC curve at 1-, 3-, and 5-year OS
in the discovery (AUC =0.64, 0.67 and 0.65; Fig. 1B) and validation
(AUC =0.62, 0.65 and 0.67; Fig. 1B) sets also indicated that 13-GPs held
promising accuracy for OS prediction in MIBC individualized prognosis
stratification.

We eventually showed how the pairwise panel indicated the prog-
nostic stratification of MIBC. In the discovery set, Cumulative Kaplan-
Meier curves showed that high-risk prognostic group with the higher
risk score had significantly poorer OS prognosis than low-risk prognostic
group with the low-risk score (P < .0001) (Fig. 2A), we also further
observed the panel prediction ability in cohorts of TCGA, TP53WT and
TP53MUT (Fig. 2C-E). To further evaluate the robustness of 13-GPs, a
validation set which consisted of four cohorts was also assessed. The
patients in the validation set were stratified into prognostic groups of the
low-risk and the high-risk, while the high-risk prognostic group showed
a significantly poorer OS survival than the low-risk group (P < .0001)
(Fig. 2B). Overall, the 13-GPs could estimate OS independently of clin-
ical factors in MIBC.

13-GPs was not only an effective transcriptome signature for MIBC
prognosis stratification but also a supplement for consensusMIBC on LumP

Cohort-specific high-risk groups were more likely to be subtype of
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Fig. 3. Consensus subtype distribution in groups of high-risk and low-risk MIBC patients. (A) Consensus subtype distribution of high-risk patients in discovery set. (B)
Consensus subtype distribution of low-risk patients in discovery set. (C) Consensus subtype distribution of high-risk patients in validation set. (D) Consensus subtype

distribution of high-risk patients in validation set.

Ba/Sq with poor median OS, whereas most samples within low-risk
groups were predicted as subtype of LumP with relatively good me-
dian OS (Fig. 3). Kamoun et al. confirmed OS is strongly associated with
consensus subtypes [15]. In our study, Ba/Sq with poor overall prog-
nosis accounted for the highest proportion, followed by LumP with
relatively good prognosis. Significantly differential OS between all
Ba/Sq and all LumP in our study was observed (Fig. 4A and B, P = .0048
in discovery set, P = .091 in validation set). Differential OS between
high-risk Ba/Sq and low-risk LumP in our study was more significant
(Fig. 4C and D, P < .0001 in discovery set, P = .013 in validation set).
Interestingly, OS of LumP between subgroup of the high-risk and the
low-risk was also significantly differential (Fig. 4E and F, P < .0001 in
discovery set, P = .065 in validation set) which indicated LumP was
heterogeneous but 13-GPs could be a supplement for consensusMIBC to
evaluate LumP prognosis.

High-risk and low-risk patients with MIBC showed distinct immune
microenvironment and DDR mutation rates

Immunotherapy holds promise for treatment of MIBC [22]. The im-
mune cell proportions and immune checkpoints (ICs) characterizations
in MIBC are critical for prediction of treatment responses. Using the
CIBERSORT in combination with the LM22 signature matrix, we esti-
mated the differences in the immune infiltration of 22 immune cell types
between groups of high-risk and low-risk MIBC patients, respectively in

RNA-seq and array data. In the RNA-seq set, the high-risk MIBC patients
had significantly higher proportions of macrophages MO (P < .0001),
macrophages M2 (P < .0001), mast cells activated (P = .015), neutro-
phils (P = .0052), T cells CD4 memory resting (P = .0038), and signif-
icantly lower proportions of NK cells activated (P = .0073), T cells CD4
memory activated (P = .036), T cells CD8 (P < .0001), T cells follicular
helper (P = .0011), T cells gamma delta (P = .0094), and T cells regu-
latory (Tregs) (P = .0093) than the low-risk MIBC patients. In array set,
the high-risk MIBC patients had significantly higher proportions of
dentritic cells resting (P = .015), macrophages MO (P = .01), and neu-
trophils (P = .033), and significantly lower proportions of plasma Cells
(P =.0091), T cells CD4 memory activated (P =.0021), T cells CD8 (P =
.0073), and T cells gamma delta (P < .0001) than the low-risk MIBC
patients. The high-risk MIBC patients both in RNA-seq and array data
had significantly higher proportions of neutrophils and macrophages
MO, and significantly lower proportions of T cells CD8, T cells CD4
memory activated and T cells gamma delta than the low-risk MIBC pa-
tients (Fig. 5A). Further, we investigated ICs expression between the
prognostic groups of the high-risk and the low-risk in TCGA. Both
stimulatory checkpoint (CD27, CD40, ICOS) and inhibitory checkpoint
molecules (CD276, BTLA, CTLA4, PDCD1, SIGLEC9) were differentially
expressed which might be served as potential immunotherapy targets for
MIBC (Fig. 5B). Compared to the low-risk prognostic MIBC patients, all
the checkpoints were up regulated except CD276 and SIGLEC9 in the
high-risk prognostic MIBC patients. Results of the immune -cell
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Fig. 4. OS prognostic analysis in Consensus subtype. (A) Kaplan-Meier survival of 13-GPs between Ba/Sq and LumP in discovery set. (B) Kaplan-Meier survival of 13-
GPs between Ba/Sq and LumP in validation set. (C) Kaplan-Meier survival of 13-GPs between high-risk Ba/Sq and low-risk LumP in discovery set. (D) Kaplan-Meier
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proportions and ICs indicated that 13-GPs could guide MIBC immuno-
therapy. DDR and the immune system are tightly interrelated [23,24].
We further observed the DDR mutation landscape respectively in the
high-risk and the low-risk patients with MIBC. DDR mutations were
more common in low-risk group with an improved OS compared to
high-risk group (Fig. 5C). DDR mutation characteristics in groups of
high-risk and low-risk suggested that alterations in DNA damage were
associated with improved clinical outcomes.

Discussion

MIBC is primarily characterized by high heterogeneity. Prognosis
stratification in MIBC is necessary so that patients can receive individ-
ualized treatment. Clinically, TP53 mutations have been linked to a
poorer prognosis for some kinds of cancers [25,26]. And TP53 is the
most commonly mutated genes in MIBC [16-18,27]. In order to deter-
mine the prognosis of TP53 mutation status in MIBC, we conducted a
stratification analysis between TP53WT and TP53MUT. The
Kaplan-Meier survival analysis showed that their OS was not signifi-
cantly differential (Fig. 2F), which was consistent with a result of
Donehower et al. [28]. However, p53, a TP53-derived protein, was
validated as a prognostic factor in MIBC [8-10]. The p53 tumor sup-
pressor protein can work as a key failsafe mechanism of cellular
anti-cancer defenses that inhibits cell division or survival in response to
various stresses [29,30]. TP53 mutation, as well as overexpression of key
p53 regulatory proteins such as MDM2 can inactivate the p53 protein
function [31,32]. Thus, developing an expression signature derived from
TP53 mutation that might be more prognostically predictive. A few
studies tried to identify a TP53-derived transcriptome signature to
stratify MIBC [33,34]. However, it is hard to use them in real clinical
practices and their stratification performance based on genes’ quanti-
tative expression need to be improved.

In recent years, pairwise gene panels are widely explored in tumor
diagnosis and prognosis which have natural advantages in clinical

practice [35,36]: (i) they can be used in different platforms; (ii) they are
robust against experimental and technical variations; (iii) they can be
applied at an individual level. In the present study, we took advantage of
GPs which were used in our previous study [35,36] to construct a
pairwise TP53-derived transcriptome signature for MIBC stratification.
Although the prognostic stratification ability of 13-GPs did not perform
as well as the diagnostic usage in [35,36], it effectively stratified the
MIBC patients as groups of the high-risk and the low-risk and further
showed distinct immune microenvironment and DDR mutation rates.
Histopathologically, 634 patients were pure urothelial carcinoma, 37
patients had squamous differentiation variants, 5 patients were uro-
thelial carcinoma with micropapillary features, 1 patient had sarcoma-
toid differentiation, and 2 patients had a focal glandular pattern. We
observed that 29 of 37 squamous differentiation variants were classified
as high-risk patients, implying that urothelial carcinomas with squa-
mous differentiation were more aggressive. The result was also sup-
ported by Tripathi’s study [37]. At the suggestion of an anonymous
reviewer, we were referred to Zheng et al. [38] for discussing how it is
different from our work. Cancer-immune phenotypes are assumed to be
cold (immune-desert), immune-excluded or hot (inflamed) [39]. A
recent study on 258 MIBC patients shows that cold tumors are in the
majority (63%) while 21% and 16% of phenotypes are
immune-excluded and hot tumors, respectively [40]. The phenotypes
are presented by cancer cells interacting with immune cells and we
hypothesized that the interactions should be reflected in synergies be-
tween immune and non-immune genes. It would be questionable that
Zheng et al. [38] merely use immune genes for a prognostic model to
explain phenotypic heterogeneity in MIBC. Our 13-GPs was derived
from whole genome scale and included 4 immune genes and 22
non-immune genes while Zheng’s model employs 74 immune genes to
form 45 gene pairs. This provided experimental evidence indicating that
more genes are accumulated in order to explain cancer-immune cell
interactions by just immune genes than by synergies between immune
and non-immune genes. Certainly, our model having fewer genes is
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Fig. 5. Immune microenvironment and
DDR mutation rates in high-risk and
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more practical and more economical in terms of translational implica-
tions. Our work had the following limitations. The information
regarding patient treatment and histopathology was incomplete, and the
association among patient treatment, histopathology and the signature
should extensively be investigated. Collection of clinical data in our
study was retrospective. Prospective studies are required to validate our
model for use in clinical setting.

Conclusions

In conclusion, 13-GPs was a simple and useful signature for MIBC
individualized prognosis stratification. Not only was 13-GPs adaptable
to many platforms, but it also complemented consensusMIBC to improve
prognostic risk stratification in LumP and support personalized
medicine.
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